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1

METHOD OF DETECTING RESIDUAL
QUANTITY OF INK

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a method of detecting a
residual quantity of ink, a printing device, a program and a
storage medium for calibrating an optical sensor.

2. Description of the Related Art

As amethod of detecting a residual quantity of ink 1n anink
tank for an 1k jet printing device, there 1s known a method of
detecting a residual quantity of ink by sensing a reflection
coellicient of a specific part of the ink tank changing with
presence/absence of the ink by an optically reflective sensor
(Japanese Patent Laid-Open No. 2000-43287).

In a case of the ik jet printing device, however, 1nk 1s
¢jected for printing at the time of carrying out the printing and
therefore, ink mist generated inside the printing device may
be possibly attached to the optical sensor. In consequence, as
in the case of Japanese Patent Laid-Open No. 2000-43287, 1n
a case of reading the retlection coelficient of the specific part
of the ink tank by the optically reflective sensor, when the
optical sensor 1s contaminated with the 1nk mist, the sensor
may not possibly read the reflected light accurately. Besides,
a detection characteristic of the optical sensor possibly
largely changes due to aging or a deviation i optical mecha-
nism accuracy of the optical sensor.

Therefore, for securing detection accuracy 1n an 1ink
residual quantity at more than a predetermined level even 1
such a change of the detection characteristic occurs, there 1s
known a method of carrying out calibration of the optical
sensor to detect the ink residual quantity (U.S. Pat. No. 5,973,
665). This method 1s a system which 1s provided with a circuit
for being capable of adjusting sensitivity of the optical sensor
and a retlective object for calibration disposed on a carriage,
the sensitivity of the optical sensor a characteristic of which
has changed by the object at the time of detecting the 1nk
residual quantity 1s adjusted to a given level and the detection
characteristic 1s corrected for securing detection accuracy.

However, the method of U.S. Pat. No. 5,975,665 has still
the problem. Since the retlective object used for calibration of
the optical sensor 1s installed 1inside the ik jet printing device,
the reflective object 1s possibly contaminated by the 1nk mist.
IT the reflective object 1s contaminated, the detection charac-
teristic by the calibration may possibly change depending on
degrees of the contamination. Accordingly, since the con-
tamination degree regularly changes caused by use of the ink
jet printing device, the sensitivity of the optical sensor may
not be possibly adjusted to a given level by calibration or an
erroneous determination may be possibly made as to detec-
tion on presence/absence of ik, depending on the contami-
nation degree of the retlective object.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention 1s provide
to a method of detecting a residual quantity of 1k, a printing,
device, a program and a storage medium which does not make
an erroncous determination as to detection on presence/ab-
sence ol ik without influence of ink mist generated in the
middle of using the printing device on calibration of an opti-
cal sensor.

According to a first aspect of the present invention, a
method of detecting an ink residual quantity comprising:
irradiating light from a light-emitting portion of an optical
sensor to a reflection portion provided 1n an ink tank detecting
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2

reflected light from the retlection portion by a light-receiving,
portion of the optical sensor and detecting presence/absence
of 1k 1n the ink tank based upon a detection signal of the
light-receiving portion, further comprises: when the ink
exists 1n the ink tank, calibrating the optical sensor based
upon the detection signal of the light-receiving portion at the
time 1t 1s detected by the optical sensor that the ink does not
exist 1n the ik tank.

According to a second aspect of the present mnvention, a
printing device which records an 1mage by using ink 1n an 1nk
tank equipped with a reflection portion comprises: an optical
sensor including a light-emitting portion for wrradiating light
to the reflection portion and a light-receiving portion for
receiving the reflected light from the reflection portion and
calibration means which calibrates the optical sensor based
upon a detection signal of the light-receiving portion at the
time 1t 15 detected that the ink does not exist 1n the ink tank by
the optical sensor when the 1k exists in the 1k tank.

According to a third aspect of the present invention, a
program comprising: irradiating light from a light-emitting
portion of an optical sensor to a retlection portion provided in
an 1k tank detecting reflected light from the reflection por-
tion by a light-receiving portion of the optical sensor and
detecting presence/absence of ik 1n the 1k tank based upon
a detection signal of the light-recerving portion, further com-
prises: when the ik exists i the ink tank, performing by a
computer the process of calibrating the optical sensor based
upon the detection signal of the light-recerving portion at the
time 1t 1s detected by the optical sensor that the ink does not
exist 1n the ik tank.

According to the first, the second or the third aspect of the
present invention, light 1s 1rradiated from a light-emitting
portion of an optical sensor to a retlection portion provided in
an 1k tank and the reflected light reflected from the reflection
portion 1s detected by a light-receiving portion of the optical
sensor. In addition, when the ink exists in the ink tank, the
optical sensor 1s calibrated based upon a detection signal of
the light-receiving portion at the time 1t 1s detected by the
optical sensor that the ink does not exist in the 1k tank,
making 1t possible to determine presence/absence of ink with
high reliability.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments (with reference to the attached drawings).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic perspective diagram showing an
entire construction of an ink jet printing device to which the
present embodiment 1s applicable;

FIG. 2 1s a diagram showing an 1nk tank of the present
embodiment;

FIG. 3 1s a diagram showing a state where an optical sensor
in the printing device 1n FI1G. 1 faces a retlection portion of the
ink tank 1n the printing device;

FIG. 4 1s a diagram showing a drive circuit of the optical
sensor provided on a circuit substrate 1n the printing device 1n
FIG. 1;

FIG. 5 1s a diagram showing a threshold value for deter-
mining presence/absence of ink with a voltage of CPU;

FIG. 6 1s a diagram showing an ink tank body mounted 1n
a carriage 1n the printing device in FIG. 1;

FIG. 7 1s a diagram schematically showing a state where a
memory element and CPU 1n the printing device in FIG. 1 are
connected:

FIG. 8 1s a diagram schematically showing a memory con-
tent of EEPROM 1n the printing device i FIG. 1;
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FIG. 9 1s a flow chart showing allotment processing by
information of the memory element 1n the present embodi-
ment,

FIG. 10 1s a flow chart showing calibration of the optical
sensor 1n the present embodiment; and

FIG. 11 1s a flow chart showing optical 1ink residual quan-
tity detection in the present embodiment.

DESCRIPTION OF THE EMBODIMENTS

Printing Device Body

Hereinafter, the present embodiment will be in detail
explained with reference to the drawings.

FIG. 1 1s a schematic perspective diagram showing an
entire construction of an ink jet printing device (heremafter,
simply referred to as printing device) to which the present
embodiment 1s applicable. A carriage 101 mounting an ink
tank 1s slidably supported by a guide rail 104 which extends in
such a manner that both ends thereof are supported by an
underbody 102. The carriage 101 1s connected to a drive belt
105 for transmitting a drive force from a drive motor (not
shown) and a flexible cable 107 for transmitting an 1mage
signal to printing heads 106 mounted thereon. Thereby, each
printing head 106 ¢jects ink on a printing medium, for
example, a printing sheet, thus making it possible to record an
image or the like.

A home position HP disposed 1n one end of a travel range
of the carniage 101 1s provided with caps 108 for suction or
protection for the purpose of eject recovery to the printing
head 106 mounted on the carriage 101. By producing a nega-
tive pressure 1n a space between the cap 108 and the printing
head 106 by a pump (pump means) (not shown) or by 1dling
eject of the pump, clogging or the like of a eject port of the
printing head 106 or an 1nk passage (nozzle) communicating,
therewith can be positively cleared. It should be noted that an
ink tube 1s attached to the cap 108 1n such a manner as to be 1n
communication with an inside thereof for introducing ink
¢jected from the printing head 106 to a predetermined portion

On the other hand, an optical sensor 111 which has a
light-emitting portion 109 and a light-recerving portion 110
and 1s capable of being calibrated 1s attached to a side oppo-
site to the home position HP within the travel range of the
carriage 101. When the carriage 101 passes above the optical
sensor 111, an optical detection of a residual quantity of ink
inside the ik tank can be made.

(Ink Tank)

The ink tank used in the present embodiment will be
explained.

FI1G. 2 1s a diagram showing the 1nk tank used 1n the present
embodiment. An 1nk tank body 200 1s provided with a supply
port 202 for feeding ink to the printing head 106, an 1nk
storage portion 206 for storing 1nk and an 1nk holding portion
201 for holding ink by an absorption body. In addition, the 1nk
tank body 200 1s provided with a triangle optical reflection
portion for 1nk residual quantity detection (hereinafter, sim-
ply referred to as reflection portion) 204 formed by a light
transmittance state member made of a material such as acrylic
and a memory element 205 having access to an outside.

(Method of Detecting an Ink Residual Quantity)

Here, amethod of detecting an ink residual quantity used in
the present embodiment will be explammed. The present
embodiment uses the optical sensor 111, which determines
presence/absence of ink 203 1n the ik tank. At the time of
detecting the 1nk residual quantity, the carriage 101 1s trans-
ported to a position above the optical sensor 111, thus making,
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the retlection portion 204 of the ink tank mounted on the
carriage 101 face the optical sensor 111.

FI1G. 3 1s a diagram showing a state where the optical sensor
111 faces the reflection portion 204 of the 1nk tank. When the
reflection portion 204 1s covered with the 1nk, that 1s, when the
ink exists therein, since most of light emitted from the light-
emitting portion 109, as shown 1n a solid arrow 1n FIG. 3,
passes through the retlection portion 204 without reflection
therein, the light-receiving portion 110 does not nearly
receive the light. In addition, when the reflection portion 204
1s not covered with the 1nk, since the light emitted from
light-emitting portion 109 of the optical sensor 111, as shown
in a broken arrow 1n FIG. 3, reflects on the reflection portion
204. Therefore, the reflected light 1s received at the light-
receiving portion 110 of the optical sensor. In this way, the
light 1rradiated on the reflection portion 204 1s made to reflect
thereon by using reflection of the retlection portion 204,

thereby detecting a quantity (presence/absence) of the 1nk
inside the ink tank.

(Optical Sensor Circuit)

FIG. 4 1s a diagram showing a drive circuit of the optical
sensor provided on the circuit substrate mounted in the print-
ing device of the present embodiment. The light-receiving
portion 110 recerving light emitted from the light-emitting
portion 109 detects the light reflected by the reflection portion
204 shown 1n FIG. 3 of the ink tank and outputs a voltage 1n
accordance with a quantity of the detected light. The output-
ted voltage 1s detected through a low pass filter 402 and an
A/D converter 403 as a voltage level by CPU 405.

When the ink does notremain 1n the ink tank, since the light
emitted from the light-emitting portion 109 1s reflected on the
reflection plate of the ink tank and 1s received by the light-
receiving portion 110. Therefore, the current flows to light-
receiving portion 110. A voltage detected by the CPU 405 1s
reduced by voltage drop. In addition, when the ink remains in
the 1nk tank, since the light emitted from the light-emitting
portion 109 1s not retlected on the reflection plate of the 1nk
tank, the voltage detected by the CPU 405 1s increased.

FIG. 5 1s a diagram showing a threshold value for deter-
mining presence/absence of ink with a voltage of CPU 403 1n
the present embodiment. CPU 405 determines that ink exists
when a voltage detected by CPU 4035 1s higher than a thresh-
old value 501 shown 1n a solid line 1n FIG. § and that the 1nk
does not exist when the voltage 1s lower than the threshold
value 501.

However, when the light-emitting portion 109 or the light-
receiving portion 110 1s contaminated by ink maist or the like
generated inside the printing device caused by using the print-
ing device, light emitted from the light-emitting portion 109
1s made weaker than light actually emitted theretrom caused
by the contamination, a quantity of the light recerved at the
light-recerving portion 110 1s made small. In consequence,
even when the ink does not remain 1n the 1k tank, the voltage
detected by the CPU 405 may be more than the threshold
value 501. In this case, regardless of no existence of the ink in
the ink tank, CPU makes an erroneous determination that the
ink exists therein.

For preventing such an erroneous determination by CPU
403, the present embodiment 1s designed to be provided with
an adjustment circuit disposed 1n each of the light-emitting
portion 109 and the light-receiving portion 110, making 1t
possible to adjust a light-emitting quantity and a light-rece1v-
ing sensitivity.

(Ink Tank Memory Element)
FIG. 6 1s a diagram showing an 1nk tank body 200 mounted
in the carriage 101. The ink tank body 200 1s provided with
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the memory element 205. The memory element 205 1s
designed to be connected to an electrical point 601 of the
carriage 101. In addition, the memory element 205 1s con-
nected through a carriage holder to the printing device body

and 1s connected through the flexible cable 107 to CPU 405 of 5

a main substrate.

FIG. 7 1s a diagram schematically showing a state where
the memory element 205 disposed 1n the 1k tank body 200
and CPU 405 mounted in the printing device body are con-
nected. In general, such a memory element mounted in the ink
tank stores the use dot number of 1ink, color information of the
ink tank, specific identification ID and the like, but 1n the
present embodiment, the memory element also serves as
EEPROM capable of reading and writing imnformation by
CPU 405.

Herein, a memory content of EEPROM will be explained.
(1) Address 0 (device ID): at the time of calibrating the

optical sensor, a specific ID of the printer body 1s writ-
ten. The address 1s blank 1n an 1nitial state.

(2) Address 1 (flag of no ink): 1 a case where an 1nk

residual quantity 1s detected and 1t 1s determined that ink
203 1n the ink tank does not remain, numeral 1 1s written.

The address 1s 0 1n an 1nitial state.

(3) Address 2 (calibration flag): at the time of calibrating

the optical sensor, numeral 1 1s written. The address 1s 0
in an 1nitial state.

(4) Address 3 (PWM value): at the time of calibrating the

optical sensor, a PWM (pulse width modulation) value
in a light-emitting element at calibration termination 1s
written.

FIG. 8 1s a diagram schematically showing a memory con-
tent of EEPROM.

(Allotment Processing)

Hereinafter, allotment processing in the present embodi-
ment will be explained. It should be noted that for facilitating
an explanation, explanation 1s made to one 1nk tank, but the
detection can be similarly carried out even 1n a plurality of ink
tanks. In addition, this allotment processing 1s usually per-
formed 1n a case where the 1nk tank 1s exchanged or 1n a case
where after the printing 1s carried out in some degrees, it 1s
determined that a residual quantity of the 1k 1s small.

FI1G. 9 15 a flow chart showing the allotment processing by
memory information of the memory element of the ik tank.
When this allotment processing starts, at step S901 1informa-
tion (flag of no ink) of the address 1 immside EEPROM 1s
confirmed. In a case where this flag 1s 1, that 1s, in a case
where the ink residual quantity detection 1s already carried
out 1n the 1k tank and 1t 1s determined by the previous ink
residual quantity detection that the ink does not exist, the
process goes to step S902, wherein a warning of no ink 1s
outputted to a user. In a case where at step S901, the flag 1s 0,
that 1s, 1n a case where the ink tank 1s a new one and the 1nk
residual quantity detection 1s not carried out yet or 1n a case
where the ink residual quantity detection 1s carried out, but the
ink 1s still left inside the ink tank at the time of the previous ink
residual quantity detection, the process goes to step S903,
wherein information (calibration flag) of the address 2 1s
confirmed. In a case where this flag 1s 0, that 1s, when the
calibration of the optical sensor 1s not carried out before, the
process goes to step S904.

In a case where 1t 1s determined at step S903 that the flag 1s
1. that 1s, when 1t 1s determined that the calibration of the
optical sensor 1s carried out before, the process goes to step
S905. At step S903, information (device ID) of the address 0
1s confirmed. Herein, ID (identification) as identification
information i1s confirmed for confirming whether or not a
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printing device 1n which the calibration 1s carried out in the
ink tank before 1s the same as a printing device currently
mounted. In a case of no coincidence of the ID, 1t 1s deter-
mined that the ink tank 1s a 1nk tank which 1s used half way 1n
the other printing device and 1n which the ink remains, and the
process goes to step S904. In a case of the ID coincidence, the
process goes to step S906.

A history of the 1nk tank 1s found by performing such an
allotment processing. That 1s, the 1nk tank 1s to be branched to
four routes (910, 911, 912 and 913) shown on the flow chart.
Theroute1 (910) shows an 1nk tank 1n which the ink 1s already
used up. In addition, the route 2 (911) shows that the 1nk tank
can be determined as a new 1nk tank, since the ink exists in the
ink tank and the calibration 1s not carried out once. In addi-
tion, the route 3 (912) shows the 1nk tank can be determined
as an 1k tank which 1s used in the other printing device and 1s
for the first time mounted in the present printing device at this
time and where the ink exists, since the ink exists in the ink
tank, the calibration i1s carried out and a specific ID of the
device does not correspond. In addition, the route 4 (913)
shows that the ink tank can be determined as an ink tank 1n
which the ik residual quantity detection 1s performed 1n the
present printing device before and 1t 1s determined at the
previous time that the ink exists.

By carrying out such an allotment, the calibration of the
optical sensor to be described later at step S904 can be carried
out by using an 1nk tank to which 1t 1s determined that the 1nk
necessarily exists i the ik tank subjected to the processing
of theroute 2 (911) and the route 3 (912). In addition, since the
ink tank subjected to the processing of the route 1 (910)
without calibration is 1dentified as an ink tank 1n which there
ex1sts no 1k, 1t 1s not necessary to perform the ik residual
quantity detection. In addition, the ink tank which 1s sub-
jected to the processing of the route 4 (913) and 1n which the
ink residual quantity detection will be performed afterwards
1s determined as an ink tank in which the calibration of the
optical sensor 1s already carried out 1n the present printing
device.

(Calibration of the Optical Sensor)
Next, the calibration of the optical sensor will be explained.

FIG. 10 1s a flow chart showing the calibration of the
optical sensor 111 1n the present embodiment. The calibration
in the present embodiment 1s carried out by using the optical
reflection portion 204 for ink residual quantity detection
equipped 1n the 1nk tank. Hereinafter, every step in the flow
chart in FIG. 11 will be explained.

When a start signal of the calibration 1s recerved at step
S1001, the process goes to step S1002, wherein the carriage
101 transports the 1ink tank at a position shown 1n FI1G. 3, that
1s, to a position opposing the optical sensor 111. When the
transportation of the ink tank 1s completed, at step S1003 light
1s emitted from the light-emitting element while performing
PWM (pulse width modulation) and the light-emitting quan-
tity 1s adjusted by PWM so that the light-recetving quantity at
this time 1s more than a threshold value 501 for presence/
absence of 1k, that 1s, the light-recerving quantity 1s within a
region to the extent 1t 1s determined that the 1nk exists. Spe-
cially, once the light quantity is increased to a region of no ink,
then the light quantity 1s decreased and a PWM value 1s found
when the light quantity enters into a region of presence of the
ink. Such adjustment can be made since 1t 1s beforehand
found that the 1nk exists 1n the 1nk tank where the calibration
of the optical sensor 1s to be carried out. In this way, the
light-emitting quantity o the optical sensor 111 1s adjusted by
using the reflection portion 204 of the ink tank where 1t 1s
betorehand found that the 1nk exists therein, whereby even 1t
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the retlection portion 204 1s contaminated, presence/absence
of the 1nk can be determined by using the threshold value 501
for presence/absence of a given ink quantity.

After the light-emitting quantity of the light-emitting por-
tion 109 of the optical sensor 111 1s adjusted by the PWM, the
PWM value after the adjustment 1s written 1n the address 3 of
the memory element mounted 1n the 1nk tank to terminate the
calibration.

(Optical Ink Residual Quantity Detection)

FI1G. 11 1s a diagram showing optical ink residual quantity
detection 1n the present embodiment. The optical ink residual
quantity detection to be performed after the processing of the
route 4 (913) shown in FIG. 9 15 performed based upon the
allotment processing by information of the memory element
in the ik tank will be explamned. At step S901 presence/
absence of the ink i1s confirmed by the information of the
memory element 1n the ink tank, but the confirmation at step
S901 1s the confirmation for presence/absence of the ink at the
previous 1nk residual quantity detection consistently, and the
confirmation of the residual quantity of the ink 1n the 1nk tank
at this time 1s not made. Therelore, even i1l it 1s determined that
ink exists 1n the ik tank by the previous ink residual quantity
detection, the ink tank where the 1ink 1s not left at present may
g0 through the route 4 (913) to step S906. Therefore, the
present 1k residual quantity in the ink tank 1s confirmed by
the optical ink residual quantity detection.

When a start signal of the ink residual quantity detection 1s
received at step S1101, the process goes to step S1102,
wherein the carriage 101 transports the 1k tank at a position
in FI1G. 3, that1s, to a position opposing the optical sensor 111.
In the ink tank which has been subjected to the processing of
the route 4 (913), the calibration by the present printing,
device 1s already completed. Therefore, at step S1103 CPU
405 reads a PWM value used for light-emitting of the light-
emitting portion 109 of the optical sensor 111 from the
address 3 of the memory element 205 and at step S1104 a
light-emitting quantity of the light-emitting portion 109 1s
adjusted. In addition, the process goes to step S11035, wherein
the 1nk residual quantity detection inside the ink tank 1s per-
formed by using the threshold value 501 for presence/absence
of the ink 1n FIG. 5. Here, 1n a case where the 1nk does not
remain 1n the ik tank, at step S1107 numeral 1 as the flag of
no 1nk 1s written 1n the address 1 and at step S1108 a warning,
of no 1k 1s outputted to a user to terminate the processing. In
addition, 1n a case where at step S1103 the ink remains 1n the
ink tank, at step S1106 a display of presence of the ink 1s made
to terminate the processing.

According to the present embodiment thus, by performing
the allotment processing based upon the 1k tank memory
clement information, the optical sensor 1s calibrated based

upon the detection signal of the light-receiving portion at the
time of detecting that the 1nk does not exist 1n the ink tank by
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the optical sensor, 1n a state where the ink 1s left 1n the 1nk
tank. Thereby, the optical sensor including variations of the
ink tank reflection plate can be corrected without influence of
the contamination of the reflection plate for calibration which
1s the conventional problem. As a result, even if the optical
sensor or the 1nk tank reflection plate with variations 1s used,
the 1nk residual quantity detection can be performed with
high accuracy and high reliability by high ink-mist resistance.

It should be noted that the control section 1n relation to
calibration in the present embodiment 1s provided in the print-
ing device, but 1s not limited to this and may be provided in a
host device such as a computer.

In addition, the program for performing the control in the
present embodiment may be provided 1n the printing device
or the host device. Further, the program may be performed by
the storage medium for storing the program code performing
the control 1 the present embodiment which 1s readable by
the printing device or the host device.

In addition, 1n the present embodiment, calibration of the
optical sensor 1s carried out by adjusting a light-emitting
quantity of the optical sensor, but may be carried out by
adjusting light-recerving sensitivity.

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
the mvention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded all such modifications and equivalent structures and
functions.

This application claims the benefit of Japanese Patent
Application No. 2007-119909 filed Apr. 27, 2007, which 1s
hereby incorporated by reference herein in 1ts entirety.

What 1s claimed 1s:

1. A method of detecting an 1nk residual quantity compris-
ing the steps of:

irradiating light from a light-emitting portion of an optical

sensor to a reflection portion provided 1n an 1nk tank;

detecting reflected light from the reflection portion by a

light-recerving portion of the optical sensor;

detecting presence/absence of ink 1n the ink tank based

upon a detection signal of the light-receiving portion;
and

calibrating the optical sensor, when the 1nk exists 1n the ink

tank, based upon the detection signal of the light-rece1v-
ing portion at the time 1t 1s detected by the optical sensor
that the 1nk does not exist 1n the ink tank,

wherein 1t 1s determined whether or not the ik exists 1n the

ink tank, based upon memory information of storage
means equipped in the mk tank, and

wherein it 1s determined whether to carry out the calibra-

tion of the optical sensor based upon the memory nfor-
mation of the storage means equipped in the ink tank.
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